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ABSTRACT 

Gunnera in the Juan Fernandez Islands consists of the 
endemic species G. bractecitci , G. nicisafuerae and G. 
peltata . Examination of vegetative and reproductive 
features of continental species of Section Panke sug¬ 
gests that G. tinctoria of the mainland is the likely 
progenitor for the islands endemics. Reconstruction of 
phylogeny via cladistic analysis reveals that an early 
line of divergence occurred on the older island, 
Masatierra, resulting in G. bracteatci and G. peltata . 
Propagules from the latter species dispersed to the 
younger island, Masafuera, and speciated in isolation 
as G. masafuerae. New chromosome counts from 
endemic island species as well as from G. tinctoria 
are all n = 17, showing no change in chromosome 
number during evolution of the complex in the archi¬ 
pelago. Fifteen flavonoid compounds isolated from 
leaves of these taxa, plus from five additional species 
from Bolivia, Mexico and Peru, are primarily glyco¬ 
sides of quercetin, kaempferol and isorhamnetin. Both 
gains and losses of compounds have occurred during 
evolution of the group. 
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Juan Fernandez Archipielago. 
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RESUMEN 

El genero Gunnera en el Archipielago de Juan 
Fernandez esta representado por tres especies endemi- 
cas: G. bract eat a, G. masafuerae y G. peltata. El exa- 
men de los caracteres vegetativos y reproductivos de 
especies continentales de la seccion Panke sugieren 
que G. tinctoria de Chile continental es la posible 
progenitora de las especies endemicas insulares. La 
filogenia del grupo insular, reconstruida por medio de 
analisis cladistico re vela que G. bracteata y G. peltata 
se originaron por una divergencia temprana ocurrida 
en Masatierra, la isla mas antigua. Gunnera masafuer¬ 
ae resulto de la especiacion en aislamiento de 
propagulos de G. peltata que se dispersaron a 
Masafuera, la isla mas joven. Nuevos recuentos de 
cromosomas de G. tinctoria y de las tres especies 
endemicas resultaron ser todos n = 17, demostrando 
que no ha habido cambios en niimero de cromosomas 
durante la evolucion del grupo en el archipielago. De 
las especies endemicas y de cinco especies de Bolivia. 
Mexico y Peru se aislaron quince compuestos 
flavonoides. Estos son principalmente glicosidos de 
quercetina, kaempferol e isorhamnetina. Durante la 
evolucion de Gunnera en el archipielago han ocurrido 
ganancia y perdidas de flavonoides 

Palabras claves: Gunnera , evolucion insular, 
flavonoides, Archipielago Juan Fernandez. 


INTRODUCTION 


Evolutionary phenomena in flowering plants 
are sometimes more easily investigated on ocean¬ 
ic islands than in continental areas. These small 
isolated areas have been the sites of dramatic 
evolutionary differentiation and adaptations. 
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Oceanic islands contain unique plants, often 
quite different from close mainland relatives, 
which have diverged into different ecological 
niches in a restricted geographical area. Many 
evolutionary investigations have been made on 
island taxa (e.g., Carlquist, 1965, 1974; Carr and 
Kyhos, 1981; Crawford, Stuessy and Silva, 1986, 
1988; Crins, Bohm and Car', 1988; Gardner, 
1976; Pacheco, Crawford, Stuessy and Silva, 
1985; Patterson, 1984 Sanders, Stuessy, 
Marticorena and Silva, 1987; Witter and Carr, 
1988). These numerous studies have established 
the potential of understanding phylogeny and 
evolutionary processes in island biotas. 

The Juan Fernandez Archipelago is an 
example of oceanic islands with a high degree of 
endemism in the native flora. The archipelago 
(Fig. 1) is located in the Pacific Ocean about 670 
km west of mainland Chile at 33° S latitude. 
There are three major islands: Masatierra (=Isla 
Robinson Crusoe), Masafuera (=Isla Alejandro 
Selkirk) and Santa Clara just off the coast of 
Masatierra. Masatierra and Masafuera are sepa¬ 
rated by 180 km of ocean in an East-West orien¬ 
tation. The ages of these islands are known to be 
3,7-4,2 my for Masatierra and 1-2 my for 
Masafuera (Stuessy, Poland, Sutter, Sanders and 
Silva, 1984). In these geographically isolated 
islands there has evolved a unique flora charac¬ 
terized by a high degree of endemism. Of a total 
of 147 native species, 69% are endemic 
(Skottsberg, 1921). 

The Flora of the Juan Fernandez Islands has 
been the object of several studies. Floristic stud¬ 
ies have been published by Johow (1896), 
Philippi (1856), and Skottsberg (1921, 1951, 
1956). More recently the emphasis has change to 
evolutionary studies and the endemic taxa have 
been analyzed in terms of flavonoid evolution 
(Pacheco el ah, 1985; Crawford et al. , 1986 ), 
allozyme variation (Crawford, Stuessy and Silva 
1987, 1988), chromosome numbers (Sanders, 
Stuessy and Rodrfguez, 1983; Spooner, Stuessy, 
Crawford and Silva, 1987; Sun, Stuessy and 
Crawford, 1990), and phylogeny and patterns of 
speciation (Lammers, Stuessy, and Silva 1986; 
Sanders et al., 1987; Crawford, Whitkus and 
Stuessy, 1987; Stuessy, Crawford and 
Marticorena, 1990). 

Among the taxa of the Juan Fernandez 
Islands, the endemic species of Gunnera 
(Gunneraceae) are particularly interesting 


because they are the largest herbs in the archipel¬ 
ago, they have speciated within the islands, they 
belong to a genus with ample distribution on 
mainland South America, and they represent the 
only known case of natural interspecific 
hybridization between two species growing on 
Masatierra (Skottsberg, 1921; Pacheco, Stuessy, 
and Crawford, 1991). 

On a worldwide basis Gunnera 
(Gunneraceae) has been segregated into six sub¬ 
genera based on morphological distinctions 
(Schindler, 1905; Bader, 1961): Gunnera , 
Milligania , Ostenigunnera , Panke , Perpensum , 
and Pseudogunnera. The endemic species of 
Gunnera of the Juan Fernandez Archipelago 
belong to the subgenus Panke , which is the 
largest group in Gunnera , with approximately 50 
species distributed in South America and Hawaii 
(Mora-Osejo, 1984, 1970; St. John, 1946, 1957). 
The species in subgenus Panke are gigantic 
perennial herbs with creeping of suberect rhi¬ 
zomes. The leaves, enormous and long-petiolat- 
ed, are in rosette at the end of the rhizome. In the 
terminal bud the leaf primordium is protected by 
scales (modified leaves, or “lepidofilos”, Mora- 
Osejo, 1984). The inflorescence, a large com¬ 
pound spike, bears numerous small red to brown¬ 
ish drupes. The habitats in which species of the 
subgenus Panke are found are characterized by 
moderate to heavy rainfall and moderate to high 
elevation (Bader, 1961). In the Juan Fernandez 
archipelago, subgenus Panke is represented by 
three endemic species: Gunnera bracteata 
Steud., G. masafuerae Skottsb., and G. peltata 
Phil. 

The purposes of the present study are to: 1) 
determine the relationships of the endemic Juan 
Fernandez species of Gunnera with their closest 
mainland relatives; 2) determine the phylogenetic 
affinities of the endemic species in the Juan 
Fernandez Islands; 3) examine the flavonoid 
components of the endemic species of Gunnera 
and their continental relatives; and 4) interpret all 
the data for evolutionary implications, with par¬ 
ticular reference to changes in the flavonoid sys¬ 
tem during evolution of Gunnera in the archipel¬ 
ago. 

MATERIALS AND METHODS 

Morphological analysis. Three endemic 
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Fig 1. Map showing the location of the Juan Fernandez Archipielago in southern South America. 


species were collected during expeditions to the 
Juan Fernandez Islands organized by the 
Department of Botany of The Ohio State 
University and the University of Concepcion in 
1980, 1981, 1984 and 1986. Voucher specimens 
are at CONC and OS. The study of the relation¬ 
ships of the islands species with continental 
species in Gunnera subgenus Panke was based 
also on material collected during the expeditions 
to mainland Chile (1986), Bolivia (1987) and 
Peru (1987), and on material borrowed from the 
following herbaria: F, MO, NY and UC. Based 
on these morphological studies, G. tinctoria was 
judged the closest continental relative. For phylo¬ 
genetic reconstruction among the endemic island 
species, G. tinctoria was selected as the out¬ 
group. Eight vegetative characters were used 
(Table J), and the Hennigian argumentation 
method (maximun parsimony) was the manual 
algorithm of choice (Kavanaugh 1972). 
Reproductive features were not used here 
because of limited representation in available 


herbarium material. Character state networks 
were polarized by the outgroup criterion (Crisei 
and Stuessy, 1980). The basic data matrix is 
given in Table 11. 

Flavonoid analysis. For flavonoid analysis, 
ground leaf material was extracted with 85% and 
50% methanol. The extracts were taken to dry¬ 
ness, suspended in water, filtered, and then 
applied to 55 x 35 cm 3MM chromatographic 
paper. The two-dimensional chromatograms (2- 
D) were developed inter-butanol: acetic 
acid:water (3:1:1; TBA) in the first direction and 
in 15% acetic acid (15% HOAc) in the second 
direction. Spots on the chromatograms represent¬ 
ing individual compounds were eluted with spec¬ 
tral grade methanol. When purification of indi¬ 
vidual flavonoids was necessary, this was accom¬ 
plished by thin layer chromatography (TLC) on 
precoated polyamide DC-6 plates (Macherey- 
Nagel). The solvent system used was 1,2 
dichloroethane: methanol: methyl ethyl ketone: 
water: formic acid (50: 25: 20,5: 4: 0.5). 
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Identifications of the flavonoids were done by 
the study of a set of six ultraviolet spectra 
obtained following standard procedures (Mabry, 
Markham and Thomas, 1970). Flavonoid glyco¬ 
sides were hydrolyzed whith 0. IN trifluoroacetic 
acid in screw-cap test tubes in water bath for one 
hour (Wilkins and Bohm, 1976). Sugars were 
identified by circular co-chromatography with 
standards on precoated cellulose thin layer plates 
(Macherey-Nagel) using as solvent system pyri¬ 
dine: ethyl acetate: water (6:3:2) (Becker, Exner 
and Averett, 1977). The chromatograms were 
sprayed with p-anisidine phthalate (1.0 g phtalic 
acid and 1.0 ml anisidine in 100 ml of 96% 
ethanol) to visualize the sugar compounds. 

Chromosome counts. Living material of 
Gunnera bmcteata , G. peltata , and G. masafuer- 
ae was collected during the expedition to Juan 
Fernandez Islands in January and February of 
1984. Gunn era tinctoria was collected near 
Concepcion, Chile in February, 1984. For mitotic 
studies, root tips of the four species were treated 
with 0.2% colchicine, fixed in 95% ethanol: 99% 
propionic acid (4:1) for two days, stained with 
acetocarmine, macerated with 45% acetic acid at 
60, and then squashed. Material for meiotic 
counts was obtained from G. boliviano in 1987. 
Buds were fixed in Camoy’s solution and chro¬ 
mosomes were counted following the conven¬ 
tional squash techniques with acetocarmine 
(Snow, 1963). 

RESULTS 


Phylogeny. A cladogram of phylogenic 
relationships is shown in Fig. 2. Giumera peltata 
is the most primitive species of the group in the 
archipelago. It is endemic on Masatierra, and it 
grows throughout the forest in humid valleys 
from 350-500 m. The leaves are peltate, soft- 
chartaceous, and the fruits are small drupes. The 
habitat of G. peltata is very similar to that of G. 
tinctoria of mainland Chile. Giumera masafuer- 
ae is closely related to G. peltata. It evolved on 
the younger island, Masafuera, where it grows 
along the water courses arid on walls of the 
canyons, similar to the habitats of G. peltata. It is 
also abundant in fog-swept highlands especially 
along water courses and depressions in fern beds. 
Gunnera masafuerae differs from G. peltata in 


having reniform leaves and reaching 1,100 m ele¬ 
vations. Giumera bracteata is the most divergent 
species in the group. This species, endemic to 
Masatierra, is confined to the ridges above 400 
m. The leaves are completely glabrous and small¬ 
er than those of G. peltata and G. masafuerae. 
Giumera bracteata is adapted to more open habi¬ 
tats outside the range of the forest vegetation on 
ridges exposed to continous winds. 

Cytology. Chromosome numbers for 
species of Giumera subgenus Panke have been 
reported to be 2n = 34 (Dawson, 1983; Mora- 
Osejo, 1984). Our new counts (Table III) for the 
three endemic species of Giumera , 2n = 34, sug¬ 
gest that the endemic species are polyploids at 
the tetraploid level and that speciation within the 
archipelago has occurred without change in 
ploidy level. The same chromosome number of 
2n = 34 in G. tinctoria , the presumed ancestor of 
the endemic group, indicated that there have been 
no changes in ploidy level relative to the main¬ 
land ancestor. The endemic species of Giumera , 
therefore, can be regarded as ancient polyploids 
(Sanders et al, 1983). 

Flavonoid analysis. Fifteen flavonoids 
were isolated from the species of Giumera stud¬ 
ied (Table IV). Their identities are: 1, Quercetin 
3-0 arabinoside; 2, Quercetin 3-0 glucogalacto- 
side; 3, Quercetin 3-0 digalactoside; 4, Quercetin 
3-0 diglucoside; 5, Quercetin 3-0 xyloxylgluco- 
side; 6, Quercetin 3,7-0 diglucoside; 7, 8, and 9, 
Kaempferol 3-0 glycosides; 10, Kaempferol; 11, 
Isorhamnetin 3-0 glucoside; 12, Isorhamnetin; 
13, Flavone glycoside; 14, 15, unknown pheno- 
lics. The flavonoid pattern in general is charac¬ 
terized by the presence of glycosides of 
quercetin, kaempferol and isorhamnetin. 
Kaempferol glycosides are common in species of 
Giumera from Bolivia, Peru and Mexico, but 
they are absent from island endemic species and 
from G. tinctoria. Isorhamnetin is restricted to 
the endemic species of Giumera and G. tinctoria ; 
however, a trace might also be present in G. boli- 
vari. 


DISCUSSION 


Origin of Gunnera in the Juan Fernandez 
Islands. The founder population of Gunnera 
must have arrived in the islands within the last 
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Fig 2. Cladogram showing evolutionary relationships among endemic of Gunnera from the Juan Fernandez Islands 
and their presumed ancestor, G tinctoria , from mainland Chile. Characters and states are given in Table I. MF = 
Masafuera; MT = Masatierra; b = G. bracteata: m = G. masafuerae ; p = G. peltata\ t = G. tinctoria. 


four million years, the age calculated for 
Masatierra (Stuessy et al. , 1984). Gunnera is a 
small group in the islands which suggests that 
arrival may have occurred somewhat late during 
the colonization process of the archipelago, when 
the ecological opportunities were not as numer¬ 
ous as in the earlier phases. Colonization of 
Masafuera must have occurred within the last 1 
to 2 million years via propagules from 
Masatierra. 

It seems likely that Gunnera in the Juan 
Fernandez Archipielago originated from a single 
introduction, and is therefore monophyletic. The 
geographical isolation of the archipielago, the 
probabilities of the colonization process, the 
chemical homogeneity of the group, and the nat¬ 
ural hybridization of the two endemic species on 
Masatierra (Pacheco et al , 1991) all support the 
idea of a single introduction. Analysis of mor¬ 
phological characters in species from South 
America plus study of species elsewhere in the 


genus reveal that G. tinctoria , a widely distrib¬ 
uted species in continental Chile, is clearly the 
closest relative of the endemic species of 
Gunnera on the islands. Further support for this 
conclusion comes from the flavonoid contents of 
selected species of Gunnera of subgenus Panke 
from South America (Table IV). All the species 
of Gunnera from Bolivia, Peru and Mexico are 
characterized by the presence of kaempferol and 
its glycosides, compounds which are absent in 
the endemic species of Gunnera as well as in G. 
tinctoria. Gunnera tinctoria and the endemic 
species on the islands form one group character¬ 
ized by the presence of a isorhamnetin (flavonoid 
12) which is absent from the group of Gunnera 
from Bolivia, Peru and Mexico. The morphologi¬ 
cal and flavonoid data suggest that Gunnera tinc¬ 
toria is the closest relative of the endemic species 
in the Juan Fernandez Archipelago, and it was 
therefore chosen as the outgroup for the cladistic 
analysis. Since the continental area is older than 
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the islands, it is highly probable that the most 
closely related taxon on the mainland would rep¬ 
resent the ancestor of the insular taxa, rather than 
the reverse. 

Propagules of G. tinctoria , or a common 
ancestor of G. tinctoria and the endemic island 
species, probably came from Southern South 
America. The fruits of Gunn era are small fleshy 
drupes that might well be adapted for dispersal 
by frugivorous birds (Carlquist, 1974). Seeds of 
Gunnera from mainland Chile could have arrived 
inside the digestive system of birds on erratic 
courses brought by cyclonic winds. There are no 
known usual migration routes between Southern 
South America and the Juan Fernandez 
Archipelago (Dorst, 1961), but birds from main¬ 
land Chile, especially waterfowl, have been 
recorded occasionally on the Juan Fernandez 
Islands (Weller, 1980). Dispersal from 
Masatierra to Masafuera was probably effected 
by internal transport by endemic birds. The Juan 
Fernandez Petrel and Masafuera Petrel are the 
two possible vectors for dispersal of Gunnera 
fruits. Although they nest only in Masafuera, 
they make long flights out into the ocean and it is 
likely that they make occasional trips to 
Masatierra (Johnson, 1965). 

The considerable divergence in morphologi¬ 
cal characters of G. bracteata led us to test the 
hypothesis of a double introduction of this group 
to the islands. Two species have been proposed 
as possible close relatives of G. bracteata: G. 
bolivari and G. magnifica. St. John (1957) 
described G. magnifica from Colombia and sug¬ 
gested that its closest relative was G. bracteata. 
We dismiss this idea based on the shape and the 
size of the scales and leaf vestiture. In G. mag¬ 
nifica the scales are 10-39 cm long and lance-lin¬ 
ear with the margin laciniate. In G. bracteata the 
scales are entire, broad-ovate and 2,5 to 4 cm 
long. The petioles and blades are muricated and 
covered with unicellular hairs in G. magnifica 
whereas in G. bracteata the leaves are complete¬ 
ly glabrous. According to MacBride (1959), G. 
bolivari could be another close relative of G. 
bracteata. He based this statement on the size of 
the leaves, which in these two species are smaller 
than in many other species of Gunnera , and also 
on their smooth and glabrous conditions. We 
agree that these three characters are also present 
in G. bracteata but while G. bolivari is almost 
ebracteate, G. bracteata presents conspicuous 


spatulate bracts in the inflorescence. Additional 
support for dismissing a close relationship 
between G. bracteata and G. bolivari comes 
from the analysis of the flavonoid compounds of 
these two species. In G. bolivari the flavonoid 
profile is characterized by the presence of 
kaempferol glycosides and the apparent absence 
of isorhamnetin. This same flavonoid pattern is 
also shown by species from Peru, Bolivia and 
Mexico (Table IV), but not in G. bracteata. The 
profile of the latter species is clearly most similar 
to those of the other two endemic species and to 
that of G. tinctoria. 

Flavonoid evolution. To investigate 
flavonoid changes during the evolution of the 
endemic species of Gunnera in the Juan 
Fernandez Islands, we assume that the relation¬ 
ships based on morphological data, and depicted 
as a cladogram (Fig. 2), reflect the actual evolu¬ 
tionary relationships among the three endemic 
taxa and their presumed ancestor, G. tinctoria. 
Evolution of the flavonoid system can be seen by 
superimposing the distribution of flavonoids 
(Table IV) upon the hypothetical evolutionary 
relationships (Fig. 3). The evolution of the group 
on the islands is characterized by both loss and 
gain of compounds. Changes in the flavonoid 
system during speciation of the group on the 
islands are characterized by two main features. 
First, little flavonoid divergence has accumulated 
between the island species and their presumed 
progenitor on the mainland. The flavonoid sys¬ 
tem in the endemic species is characterized by 
the loss of isorhamnetin 3-0-glucoside and the 
gain of quercetin 3-0-xyloxylglucoside. Second, 
minimal changes in flavonoid chemistry have 
occurred during speciation among the endemic 
species on the archipelago, and these are largely 
losses of compounds. Quercetin 3-0-digalacto- 
side (compound 3) is lost in the lines leading to 
G. peltata and G. bracteata. An additional loss 
occurred in G. bracteata where quercetin 3-0- 
xyloxylglucoside has been lost. One innovation 
that occurred during the evolution of G. masa- 
fuerae in the younger island was the appearance 
of the flavonol (compound 6) quercetin 3,7-0- 
diglucoside. This gain mutation must have 
occurred within 1-2 my, as this is the age of 
Masafuera. Simple flavonoid profiles in island 
endemics have been documented previously 
(Gardner, 1976; Patterson, 1984). Explanation 
for reduction in number of flavonoid is based 
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Table I. Characters and states used in the cladistic analysis of endemic species of Gunnera from the Juan 
Fernandez Islands and G. tinctoria from mainland Chile. 



Character state 


Character 

Primitive (0) 

Derived (1) 

Leaf blade 

1. base 

cordate 

peltate 

2. lobing 

1 /4 or more 

less than 1/4 of 


of blade 

blade 

3. lobe apex 

acute 

obtuse 

4. undersurface vesture 

pilose 

glabrous 

5. glandularity (verrucate) 

present 

absent 

Scale 

6. shape 

lance-linear 

ovate 

7. margin 

lacerate 

entire 

Inflorescence 

8. branch shape 

short (3-5 cm) 

long (6-9 cm) 


and squat 

and thin 

9. branch vesture 

strigose 

glabrous 

10. bract shape 

linear 

spathulate 

11. fruit surface (dry) 

conspicuously 

scarcely to 


wrinkled 

moderately 


(subreticulate) 

wrinkled 


Table II. Basic data matrix of states of characters in species of Gunnera from the Juan Fernandez Island and G. 
tinctoria from mainland Chile. See Table I for descriptors and numerical assignments of characters and states. 




Taxa 





Characters 





1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

C. bract eat a 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

G. masafuerae 

0 

1 

1 

0 

0 

0 

0 

1 

0 

0 

1 

G. pelt at a 

1 

1 

0 

0 

0 

0 

0 

1 

0 

0 

1 

G. tinctoria 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table III. New chromosome number of species of Gunnera subgenus Panke from the Juan Fernandez Islands and 
two species from mainland South America. Vouchers deposited at OS. 

Taxon Chromosome Voucher 

Number 


G. boliviano, Morong 

n = 17* 

BOLIVIA: COCHABAMBA: Villa Tunari, 
Pacheco et al. 1563. 

G . bracteata Steud. ex Benn. 

2n = 34* 

MASATIERRA: Quebrada Villagra 

Stuessy et al 6481-A 

G. masafuerae Skottsb. 

2n = 34* 

MASAFUERA: Quebrada Las Casas, 

Pacheco and Ruiz 6398 

G. peltata Phil. 

2n = 34* 

MASATIERRA: Puerto Frances, 

Pacheco and Ruiz 6670 

G. tinctoria (Mol.) Mirb. 

2n = 34 

CHILE: CONCEPCION: San Pedro, near 
Concepcion, Stuessy et al 6692 


* First report for the taxon 


Table IV. Distribution of flavonoids present in the three endemic species of Gunnera in the Juan Fernandez 
Islands, G. tinctoria , and other selected species of Gunnera from South America 



Flavonol 

Fla 


Species and 

Locality 



Q- 

giy 



K-gly 

K 

I - glu I 

F-g ly 

Unk 

Collection 


1 

2 

3 

4 

5 

6 

7 8 9 

10 

11 12 

13 

14 15 

number 













Endemic species 












G. bracteata 













6481-21A 

MT: Q. Villagra 

X 

X 









X X 

6481-22A 

« “ 

X 

X 


X 







X X 

6481-24 

“ 

X 

X 


X 





X 

X 

X X 

6481-28 

“ 

X 

X 


X 





X 

X 

X X 

6481-32 


X 

X 


X 





X 

X 

X X 

6481-33 


X 

X 


X 





X 


X X 

6494-25 

“ “ 

X 

X 


X 







X X 

G. masafuerae 












5050 

MF: Q. Las Casas 

X 

X 

X 

X 

X 




X 

X 

X X 

6362 

MF: Q. Mono 

X 

X 

X 

X 

X 

X 



X 

X 

X X 

6396 

MF: Q. Las Casas 

X 

X 

X 

X 

X 




X 

X 

? X 

8017 

MF: “ 

X 

X 

X 

X 

X 

X 



X 

X 

X X 

8081 

MF: “ 

X 

X 

X 

X 

X 

X 



X 

x 

X X 
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Table IV. Continued 


Flavonol 


Species and Locality 

Collection 

number 

1 

2 

Q- 

3 

giy 

4 

5 6 

K 

7 

-gly 

8 9 

K 

10 

I - glu I 

11 12 

F-g ly 

13 

Unk 

14 15 

G. peltata 















6481-65 MT: Q. Villagra 
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X 
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X 

X 

X 
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X 
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Fla 


Fla = Flavone; glu = glucose; gly = arabinose, galactose, glucose, xylose; I = isorhamnetin; K = 
kaempferol; Q = quercetin; Unk = unknown. 

Collection numbers: 1000s are Pacheco el al ., G. mexicana is Spooner 2793; 5000s, 6000s and 8000s 
are Stuessy et al. 
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Fig. 3. Changes in the flavonoid system in species of Gunnera from the Juan Fernandez Islands, superimposed on a 
hypothetical evolutionary tree. Same labels as in Fig. 2. Numbers refer to flavonoid compounds: 3 = quercetin 3-0- 
digalactoside, 5 = quercetin 3-0-xyloxyl glucoside, 6 = quercetin 3, 7-0-digluco- side, 11 = isorhamnetin 3-0-gluco- 
side. * = gain of compounds, 0 = loss. 


largely on the suspected role of these compounds 
as defensive mechanisms against predators or 
pathogens (Levin, 1971; Gardner, 1976), which 
are often not present in at least the same intensity 
in islands. Recent results by Ganders, Bohm and 
McCormick (1990) for Bidens in the Hawaiian 
Islands, however, cast doubt on this hypothesis. 

Speciation in the endemic species of 
Gunnera . The mode of speciation of G. masa- 
fuerae can be postulated as largely geographical. 
Gunnera masafuerae evolved on Masafuera in 
isolation from populations on Masatierra within 
1-2 my, the age calculated for this island 
(Stuessy et al, 1984). On Masatierra, G. bractea - 
ta probably evolved on the highest ridges. It is 
known that geographical isolation can occur over 
short distances in an insular environment 
(Carlquist, 1974). 

Speciation in Gunnera on Masatierra has 
not been accompanied by complete reproductive 
isolation, as they are now hybridizing extensively 
in Valle Villagra on Masatierra. Lack of postzy- 
gotic reproductive isolation and minimal genetic 
divergence are characteristics that have been 
reported for insular taxa (Gillet and Lim, 1970; 


Carlquist, 1974; Carr and Kyhos 1981; Crawford 
et aL , 1987). In Gunnera , speciation on 
Masatierra has involved conspicuous morpholog¬ 
ical changes but little genetic isolation, and as a 
result, G. bracteata and G. peltata hybridize in 
zones of contact. These two species have come in 
contact probably due to the reduction in total sur¬ 
face area of the island (Sanders et al , 1987) and 
by human disturbance of the habitats (e. g., 
building of trails). Hybridization in the disturbed 
area in Quebrada Villagra is one of the few 
examples of extensive hybridization in an island 
environment and the only example of natural 
hybridization in the flora of Juan Fernandez 
Islands (Pacheco et al., 1991). 
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